In this study, we present empirical evidence on the productive efficiency of electric utilities in the United States over the period, 1990-2004. This is a period marked by major attempts to introduce competition in the industry with the expectation that it will lead firms to improve their productive efficiency and ultimately to lower consumer prices. The actual experience has been surprising, since electricity prices have either fallen little or even risen sharply in some states. Relying on recent advances in the estimation of productive efficiency, we find that firms in jurisdictions that adopted competitive mechanisms have lower productive efficiency compared to firms in jurisdictions where rate-of-return regulation was retained. Furthermore, we provide evidence that firms in states that adopted competition have experienced decreases in productive efficiency, while firms in states with traditional regulation saw increases in efficiency over time. Since the introduction of deregulation has brought greater discretion to managers, we also examine the impact of various organizational choices on productive efficiency. Interestingly, the separation of the generation function from other functions, a hallmark of the effort to deregulate the industry, is associated with an adverse impact on productive efficiency. These findings question the claim that competition necessarily fosters higher productive efficiency. Alternatively, true competition may have been circumvented.
Introduction
The primary purpose of this paper is to empirically examine the impact of deregulation and organizational choices firms on the productive efficiency of the electric utility industry in the United States during the period, 1990-2004 . The enactment of the Energy Policy Act of 1992 opened the wholesale power market to competition, bringing many independent power producers (IPPs) into the wholesale markets. Competition was further encouraged by the Federal Energy Regulatory Commission (FERC) through the issuance of its Order 888 in 1996 and Order 2000 in 1999 which approved free access to the transmission network for all participants. These orders also fostered competitive mechanisms in wholesale power markets by promoting the wide-scale development of transmission networks under the regional transmission organizations (RTOs). Indeed, by 2000 nearly half of the states in the U.S. and the District of Columbia had passed legislation adopting competition as envisaged by the FERC (Rose and Meeusen, 2005) . The introduction of such substantial deregulation constitutes a natural experiment to study the impact of competition on the productive efficiency of electric utilities.
At the heart of the liberalization effort of the electric power industry is simply a notion that the productivity of the industry will benefit from the introduction of competition. Indeed, Nickell (1996) argues that this is not necessarily so, and that there is in fact little empirical evidence in support of such a claim. He goes on, however, to himself report some supporting evidence based on his large sample of U.K. firms whose productivity improvements are associated with increases in the number of rival firms.
In another study, Mizutani and Uranishi (2003) find that exposure to competition from private parcel delivery reportedly had a beneficial effect on the productivity of the Post Office in Japan. In some cases, exposure to market forces can be enhanced in other ways besides an increase in the number of rivals. For example, firms that were previously shielded by government ownership typically face deregulation after privatization. According to Saal and Parker (2001) , and Berg, Lin, and Tsaplin (2005) , privatization too produced improvements in productivity in their samples of water and sewage companies. Deregulation per se contributed to productivity gains for Spanish banks in Kumbhakar and Lozano-Vivas (2005) . Though limited, this literature conforms with and motivates our basic hypothesis that the introduction of greater competition in the electric utility industry should be beneficial to productivity.
Experience from the deregulation of telecommunications, airlines, and trucking industries in the United States seems to support the claim that competition fosters productivity gains. For example, a decade after the introduction of competition, long-distance telephone providers were profitable even after lowering rates by half (New York Times, October 15, 2006, p.1) . Similarly, it was expected that electric utilities, in response to competitive pressures, will reduce waste, adopt improved technologies, and even restructure to obtain greater productive efficiencies, consequently turing consumers by sharing these gains. The deregulation of the electricity industry did not begin till the early nineties, which was much later than that of other regulated industries. However, it was expected that the economic impact of the restructuring on consumers would be larger than that of the other industries. Under the former rate-of-return regulatory regime, electric utilities had incentives to over-capitalize (the Averch-Johnson Effect), and had recovery procedures that severely limited efforts at cost reduction. Consequently, a priori we would hypothesize that (1) electric utilities in jurisdictions that adopted competitive mechanisms will exhibit greater productive efficiencies compared to those in jurisdictions that retained rate-of-return regulation, and (2) electric utilities in jurisdictions that adopted competitive measures will exhibit greater productive efficiencies compared with the same utilities when they were under rate-of-return regulation. Finally, (3) we also examine how the organizational structure of utilities affects their productive efficiency, since part of the effort to deregulate the industry consists of separating out the generation function into a free market setting.
Evidence on the productive efficiencies of electric utilities --those in deregulated jurisdictions versus those still in rate-of-return regulation, and before and after the introduction of competition-may help explain what has actually transpired in terms of electricity prices. Surprisingly, electricity prices have not decreased to the degree that was expected and may even have increased to levels higher than those before deregulation in some states, even though achieving efficient lower electricity prices was a primary purpose of the deregulation (New York Times, October 15, 2006) . In addition, rate increases have been higher in states that deregulated compared with those that kept the old regulatory framework (Washington Post, March 12, 2006, p.1) . With deregulation, managerial discretion has increased, making it possible to undertake various forms of restructuring including venturing into diversified businesses far from the core electricity business. In fact, while there had been little merger activity prior to 1995, many mergers have been filed after deregulation (Joskow, 2000) . That trend reflects a major policy change for the Securities and Exchange Commission (SEC), which historically oversaw strict restrictions in merger activities among electric utilities under the 1935 Public Utilities Holding Company Act. In itself, the evidence is not in as to whether greater managerial discretion, with its consequent freedom to restructure and undertake new businesses, has translated into productivity gains and consequently larger benefits to shareholders or consumers. For example, though frequently they are argued to be complements with economies of scale and potential operating synergies, there is little evidence that even the combination of gas and electric businesses has turned out to be valuable 1 .
Therefore, in this paper we also examine how various managerial choices regarding organizational structure of firms have affected productive efficiency. In particular, we study the impact of the diversification policy on utility businesses, decision of purchase versus generation of power, and wholesale activity on productive efficiency. The managerial decision to purchase versus generate is influenced by the vertical structure of firms.
Our work is related to a number of strands in the literature. Work on vertical integration/separation has investigated whether vertical separation of functions causes economic loss or not. Most of the previous studies conducted after Kaserman and Mayo (1994) indicate that vertical economies could be lost through vertical separation of electric power utilities. Therefore, vertical separation that accompanies competition, as in generation being separated out after deregulation, should be evaluated in terms of such potential loss of economies (Michaels, 2006) . Yet, these studies do not explicitly examine impacts of deregulation and corporate structure (e.g., separation) on productive efficiency. Indeed, Fabrizio, Rose and Wolfram (2004) point out that, "While many of the costs of electricity restructuring have been intensively studied, relatively little effort has been devoted to quantifying any ex post operating efficiency gains of restructuring." Using data on electric power generation plants, Fabrizio, Rose and Wolfram (2004) estimate input demand equations with unobserved inefficiency factors that were caused by a deviation from the cost-minimizing behavior of firms, and indicated that generation efficiency gains were achieved through electricity restructuring. Furthermore, they identified the principal source of efficiency gains to be reduced labor and non-fuel expenses.
Their results support previous studies for other industries such as the telecommunication and the airline industries 2 , which indicate that increased competition is associated with productivity gains. Several studies on wholesale power markets, such as Borenstein, Bushnell and Wolak (2002) , focused on the effects of market power but did not consider productive efficiency nor did they examine the impact of the firm's activities in the wholesale market on its productivity.
In another strand of the literature pursued by financial economists, diversification is a subject of considerable research. Following Lang and Stulz (1994) and Berger and Ofek (1995) , a number of studies have documented that diversified firms sell at a discount relative to the sum of the values of their stand-alone component segments. The implication is that diversification destroys corporate value. Offering an alternative explanation, Campa and Kedia (2002) argue that diversification discounts can be explained by selection bias instead, whereby poorly performing firms elect to undertake diversification. Moreover, Villalonga (2004) presents evidence that suggests that, instead of a diversification discount, there may be a diversification premium if we use better establishment-level data to avoid certain biases in the commonly used segment data. Pertinent to this study, Schoar (2002) approaches diversification by examining its real effects. She estimates the total factor productivities (TFP) for diversified firms and stand-alone firms, and reports that diversified firms were more productive than stand-alone firms. Thus, the literature on the impact of diversification on the firm is mixed.
Although most studies do not include firms from the utility industry, a few researchers have examined the impact of diversification on electric utilities. Sing (1987) examines potential synergy effects arising out of natural monopoly, but concludes against economies of scope between electricity and gas supply businesses. Fraquelli, Piacenza and Vannoni (2004) investigate economies of scope for multi-utility companies and find cost advantages for relatively small firms, but no similar evidence for large-scale utilities. Jandik and Makhija (2005) examine diversification premium/discount for the U.S. electric utilities, and contrary to the discounts reported for the other diversifying firms in the finance literature, they find that diversification actually created value because it led to more efficient investment for firms during the period under regulation. However, this advantage disappeared after deregulation.
In this study, we estimate productive efficiency with a Stochastic Frontier Analysis model with Bayesian inference using Markov chain Monte Carlo (MCMC) computational methods (described methodology section) and find that:
(1) Electric utilities in jurisdictions that have adopted competitive measures have significantly lower productive efficiency in comparison with utilities in jurisdictions that have retained rate-of-return regulation.
(2) The evidence is mixed as to whether competition has translated into improved productive efficiencies, based on changes before and after deregulation. Firms in states that adopted deregulation show a trend of decreasing productive efficiency, while those in states under traditional regulation show increases in efficiency.
(3) In terms of organizational structure of the firm, we find that separating generation from other functions has adversely affected productive efficiency. We also find that the extent of joint operation of electricity and gas businesses and the level of wholesale activity of firms do not appear to significantly affect productive efficiency.
In sum, our findings suggest that competition has not translated into benefits in terms of productive efficiency for electric utilities. In turn if productive efficiency is a proxy for profit margin, these results offer one explanation for the recently observed higher, rather than the promised lower, electricity prices in some states.
The rest of the paper is organized as follows. In the next section, we briefly describe a methodology for the measurement of the productive efficiency. Section 3 explains data. Section 4 describes an empirical model and its estimation. Section 5 presents results and findings. The last section (6) concludes.
Methodology
The productive efficiency of a firm's activities is an important concept for corporate management because there is a common belief that a higher efficiency is a necessary condition for a firm to survive.
Yet, the productivity literature ignored the efficiency component for many years. The traditional approaches to the measurement of the Total Factor Productivity (TFP) generally assume that the observed output is the "best" practice and that all firms are fully efficient. These methods include the standard growth accounting model associated with Solow (1957) , and its corresponding nonparametric index number approaches such as the Törnqvist index 3 . The reason for these approaches may lie in the difficulties researchers have in empirically determining the potential that a production unit could achieve.
For the sake of such potential, Koopmans (1951) provided a formal definition of technical efficiency:
A producer is technically efficient if, and only if, it is impossible to produce more of any output without producing less of some other output or using more of some input. Debreu (1951) and Shephard (1953) introduced a measure of technical efficiency as a radial distance of a producer from a frontier, and Farrell (1957) was the first to empirically measure this productive efficiency. Therefore, if we do not take account of the possible deviation from efficient production for each firm, the resulting measures of 3 The Törnqvist index is shown to be exact for the translog technology and superlative since the translog functional form is flexible (Diewert, 1976 ).
-7 -productivity may be biased. Since Farrell's (1957) work, a number of researchers have contributed to the study of productive efficiency.
Technical efficiency, or productive efficiency as it is more commonly called, refers to the ability to avoid waste by producing as much output as input usage allows, or by using as little input as output production allows 4 . Several alternative methods have been proposed for the measurement of productive efficiency, which can be classified into parametric and non-parametric frameworks. Fried, Lovell, and Schmidt (1993) include various such types of methods and their applications to measure efficiency. The common essence of these methods is that productive efficiency is evaluated by the degree of deviation or distance of the observed data from the efficient frontier, which represents the "best practice" production technology and serves as a norm for efficiency evaluation.
This study employs a parametric estimation of the efficient frontier that is referred to as stochastic frontier analysis (SFA). The SFA was initiated by Aigner, Lovell, and Schmidt (1977) , Meeusen and van den Broeck (1977) , and Battese and Corra (1977) . Kumbhakar and Lovell (2000) describe the basic theory of the SFA as well as a wide range of advanced SFA techniques and application models.
From a technical viewpoint, the frontier function investigates the "best practice technology" of production with a two-part error term, i.e., normal error term and inefficiency. The SFA model could be specified in the production function, the cost function, or the distance function. Which function we use depends on the purpose of each study and on the availability of data. In this study, we estimate the production function using SFA, based on which we measure the degree of inefficiency that varies not only with each firm but also with each period without imposing the same trajectory for all firms.
The production function with two-part error term can be formulated as follows: u is a non-negative random variable assumed to represent productive inefficiency in production.
Specifically, the degree of productive efficiency (PE) is measured by ) exp( nt nt u PE − = , which ranges from larger than 0 to smaller than or equal to 1, which indicates the best practice among firms. Thus, the more the PE approaches 1, the more efficient is the firm. 
) and t is a time trend variable to capture technological changes. It is often discussed that the firm-specific heterogeneity should be controlled in estimating the efficiency of firms.
Since our dataset consists of regulated utilities, it is important to control several factors in the production function because operation and management of electric power firms are restricted to some extent by state and federal regulation, demand-side conditions, as well as combination of generation technologies. In other words, their production is inevitably influenced by several constraints that are out of control for them. For example, given the historical service area in which they are the monopolistic supplier with an obligation of to supply electricity, they do not have complete discretion to enhance their customers (Battese and Coelli, 1995) . outside their service area or it may be practically difficult to sell their product only to some specific groups of customers within their service area to achieve higher profit margins.
Data

Variables for estimating production frontier
Our data consists of investor-owned electric power utilities (IOUs) in the U.S. during the period from 1990 to 2004. To avoid excessive dispersion in size for our sample data (and avoid incomparable small firms), we screened out firms using a minimum threshold value of the total retail sales of 100,000
Mega Watt hours (MWhs). Therefore, firms that sell electricity less than or equal to 100,000 MWh to final customers are not included in our dataset. This procedure not only restricts the size of firms to above the threshold, but also restricts the dataset to include utility firms that are involved in the retail sales business along with other functions. In other words, firms that are only involved in generation and wholesale business are excluded from our dataset. After deleting firms that have missing data required in our estimation of productive efficiency, our final annual-based balanced panel dataset is comprised of 104 firms in total that cover the period from 1990 to 2004.
Approximately one third of the firms included in our sample provide gas and other utility services as well as core electricity supply services. This mix of services within our sample firms provides us with an opportunity to measure the effects of diversification on productive efficiency. However, it simultaneously leads to a problem with respect to how we should define the output in this study. This problem is apparent if we consider firms that operate gas and other businesses, because it is not appropriate to simply measure the output by volume of electricity sold to customers because that does not reflect any outputs produced by gas and other businesses. To circumvent this problem, we define the output by total operating revenues measured in financial terms. Yet, it is desirable in theory that the production function be defined with quantity data, because in a usual definition, productive efficiency is measured as real output produced per unit of real total input employed such as labor, capital, and materials. Consequently, we use financial data that is converted into real terms by a deflator (as being a proxy for quantity data). Specifically, we define revenue as output, but after it is converted into real terms using state-level discount rates as deflators.
As in the case of output, we use financial data on O&M cost that is converted into real terms as proxy for the consolidated quantity of inputs that include labor, fuel and purchased power 6 . These three terms are the usual components of inputs for producing electricity 7 . Fuel and the purchased power are the equivalent of materials in production theory. Meanwhile, capital is measured by capital stock that is constructed by applying a commonly used procedure of perpetual inventory method (See Appendix 1 for construction of the capital stock data). These definitions of inputs are consistent with the perspective of production economics, in which we often distinguish between two types of inputs in the short run; (1) variable part of inputs that are represented by O&M cost in this study, and (2) quasi-fixed inputs measured by the capital stock. Note that all the data used in this study are restricted to those associated with the utility business of the firm, electricity, gas and others, and do not include non-utility businesses.
Consequently, in our study a combination of the electricity and gas businesses is the basis of our diversification measure.
In addition to the basic variables employed in formulating the production function described above, this study utilizes the following control variables:
(1) Residential Customer Ratio (RCR): Ratio of residential customers to total customers, which is calculated by electricity sold to residential customers divided by the electricity sold to all customers, represented in percentage terms.
(2) Environmental Protection Ratio (EPR): The firm's expenses for environmental protection, which are 6 As a deflator for the revenue and O&M cost, this study uses the ratio of the nominal (current price) and the real (2000 constant price) gross state product that is provided by the U.S. Department of Commerce, Bureau of Economic Analysis. The advantage of using this deflator is that we can obtain different time-series deflators for each state. 7 Although the reason for this definition for the consolidated input is primarily due to the fact that our dataset includes firms other than electricity-specialized firms, it is also related to the fact that constructing quantity data for fuel use often requires cumbersome calculations based on additional technical assumptions for each plant. This is because each firm uses several types of fuel that differ in source, such as gas, coal and even nuclear. In addition, a thermal efficiency is different for each plant. A promising way to obtain a consistent quantity of fuel is to calculate a heat-equivalent quantity of the fuel measured in calories for each plant and then added up to the firm-level.
required for utility firms to follow based on state legislation that stipulates standards for environmental protection. Specifically, the ratio is calculated as the cost expensed for environmental protection facilities divided by the book value of the total utility plant, represented in percentage terms.
(3) Nuclear Ratio (NCR): Ratio of nuclear generation to total generation, which is calculated by electricity generated by nuclear technology divided by the total volume of electricity generated by all types of generation technology in use, such as that based on fossil-fuel and others, represented in percentage terms. This factor is expected to affect firm's production through the impact of selection and the combination of different types of generation technologies, which cannot be instantaneously adjusted once the specific technology is installed. For example, the firm cannot readily change in the short-run from nuclear generation once it has invested in this technology.
Therefore, this study uses this variable as a control variable.
It is important to note that a different combination of generation technology influences total productive efficiency at least through two paths: influences stemming from, one, different fuel costs, and, two, capacity factors of plants. The latter effect is expected to be measured by productive efficiency.
While the former effect is partly controlled for by the nuclear ratio, the effect may be more directly controlled for by introducing a fuel cost variable. In addition, since our output variable is defined by total revenue in real terms, it may be influenced by the beginning of retail competition (that was generally accompanied by rate reductions for customers). To avoid these factors' influence on productive efficiency, we estimated the model using other control variables than the nuclear ratio, such as a fuel cost variable and a dummy variable for each state (with a variable that takes a value of 1 after the states introduced retail competition and 0 otherwise).
Variables for estimating mean efficiency
We assume that four variables affect the productive efficiency of firms from a perspective of the deregulation of the industry and its organizational restructuring. All of them with the exception of the state dummy variable, directly or indirectly, depend on management's decision-making as to which businesses they should be actively involved in to achieve optimal operations. Specifically, those variables are described as follows:
(1) Electricity Ratio (ER): Ratio of electricity business to firm's total operations, which is calculated by electricity revenue divided by utility total revenue, represented in percentage terms. This ratio indicates the degree of business concentration in the electricity business. Most firms that jointly operate electricity and gas businesses have inherited such joint structures since their foundation.
However, this ratio is expected to change as a result of deregulation of the industry. Hence, to capture such dynamic changes in business concentration that occurred during the period covered in this study, we also use this ratio for each year.
(2) Purchased Power Ratio (PPR): Ratio of purchased power to total sales, which is calculated by the amount of purchased power divided by the amount of total sales of electricity in Mega Watt hours (MWhs), represented in percentage terms. If this ratio is large, the management of the firm has decided to buy electricity from other firms through power exchange markets and long-and/or short-term over the counter trading without generating electricity by its own plants. Hence, if the ratio is large, it implies that the firm has adopted a more separated form of vertical structure between generation and other functions.
(3) Wholesale Ratio (WSR): Ratio of wholesale power to total sales, which is calculated by the amount of wholesale power divided by the amount of total sales in MWhs, represented in percentage terms.
This ratio reflects a management strategy with respect to the firm's degree of activity in the wholesale business. If this ratio is large, it implies that the firm is actively involved in the wholesale power business by providing relatively large amounts of electricity to other firms.
Consequently, as a corporate structure, it becomes an organization which is more focused on the generation and trading functions.
In addition to the organizational variables described above, this study also considers two other direct effects of deregulation on productive efficiency. One of them is a cross-sectional effect that may be different for firms in states under traditional regulation and for those that adopted deregulation.
Another interesting effect is a temporal effect of deregulation, particularly the effect since the issuance of FERC Orders 888 and 889. As a result of these Orders, there has been greater restructuring and retail competition. These effects are captured through the following variables: Tables 1 and 2 , respectively.
Insert Tables 1 and 2 here. in 2004. The growth rates of output and input 2 are almost parallel, but the growth rate of input 1 is larger than that of output, implying that decreasing efficiency is expected. Environmental protection ratio, nuclear ratio, and electricity ratio decreased by 40%, 49% and 3%, respectively, for each, while purchased power ratio and wholesale ratio increased by 91% and 39% over the period, respectively.
Empirical model and estimation
We specify the production function by the translog functional form, which makes a production To deal with the statistical complexity of the SFA model, we apply Bayesian inference using Markov chain Monte Carlo (MCMC) computational methods for the estimation of the production frontier of electric power utilities (See Koop (2003) for Bayesian methods and applied econometric models and computational techniques). Consequently, we use the Bayesian SFA that was first proposed by van den Broeck, Koop, Osiewalski and Steel (1994) and enhanced with respect to the numerical technique by Koop, Osiewalski and Steel (1994) and Koop, Steel and Osiewalski (1995) using Gibbs sampler 8 . This study uses WinBUGS, which is a powerful and a flexible tool to implement MCMC 8 A recent example that applied the Bayesian SFA to the electric power utilities is Kleit and Terrell (2001) . Using data on generation plants fueled by natural gas, they estimated a degree of potential cost reduction through increased efficiency. Other recent Bayesian papers using MCMC techniques to estimate SFA models include Fernández, Koop and Steel (2000) , Kurkalova and Carriquiry (2002) , Tsionas (2002) , and Kumbhakar and Tsionas (2005) . Kumbhakar and Tsionas (2005) measure techniques, to perform inferences for the Bayesian SFA model using MCMC techniques (Griffin and Steel, 2006) . The prior specification is based on Section 6 of van den Broeck et al. (1994) . They specify the model for the case with no covariates in the efficiency distribution while our model incorporates covariate information in the efficiency distribution by modeling the underlying mean of a truncated normal inefficiency distribution. Yet the basic structure of their prior specification is applicable to our model and WinBUGS implements the estimation of such an extended model as described in Griffin and Steel (2006) , footnote 11 and the Appendix. ) after normalizing any continuous covariates to have zero mean and unitary standard deviation (Griffin and Steel, 2006) .
All data pertaining to the production function are normalized by their means for the estimation.
allocative efficiency as well as technical efficiency using the translog cost system.
Results
The results of the estimation of Eqs. (3) and (4) are described in Table 3 , which shows means of posterior distributions and t-ratios of parameters. We estimated four models that are slightly different from each other with respect to deregulation dummies that are used as explanatory variables of mean inefficiency. Model 1 is a base-case estimation that only includes the cross-sectional impact of deregulation (DRST). Meanwhile, Models 2, 3 and 4 include temporal effect of deregulation without and with the cross-sectional impact and a cross-term. We generated three chains using the Gibbs sampler. Each chain was run with a burn-in of 5,000 iterations with 20,000 retained draws. All three chains converged to almost the same values so that it is credibly considered that the convergence to posterior distribution was achieved.
Insert Tables 3 here. Technology parameters of the production function are all statistically significant except for that of the time trend (t) variable. The parameters mildly indicate economies of scale at the sample average.
Variance parameters related to normal error term and inefficiency term, x , which implies that there is no technological progress with respect to this production function. Parameters of all control variables are statistically significant. Specifically, the parameter of the residential customer ratio (RCR) is positive, which indicates that production increases when the firms supply more electricity to residential customers. This ratio can be interpreted as a proxy for the economies of density over the service area of electricity as discussed in Roberts (1986) , because the ratio of residential customers is higher in cities with higher population density 9 . Therefore, the positive sign of this parameter reveals the effect of economies of density on total production. The parameter of the environmental protection variable is positive, which indicates that production increases when the firms spend more on environmental protection facilities. This variable works as a proxy for the firm's proactive employment of new generation technology such as highly efficient combined-cycle gas turbines. Introduction of these technologies may be the result of relatively strict environmental standards, which paradoxically lead firms to achieve more production using the same level of inputs compared to firms with a lower environmental protection ratio. The sign of the parameter of the nuclear power ratio is also positive, which indicates that a higher ratio of nuclear generation contributes to a higher level of productivity. This is consistent with our expectations because nuclear generation is used to provide base-load power, which constantly operates under higher capacity usage ratio if it is soundly managed, compared to other generation technologies for non-base-load power. There are frequently political issues surrounding nuclear generation, and the importance of nuclear generation varies depending on the natural resources available to a nation. Our findings show that nuclear generation positively influences productivity, an element that is overlooked in these debates.
In addition to Note also that the estimated parameters for the other variables are almost the same as those described in Table 3 , so that the results serve as a robustness check.
Meanwhile, variables related to organizational choices that are expected to affect productive efficiency reveal mixed results. First, electricity ratio shows a negative impact on productive efficiency, but it is not statistically significant. This implies that a joint operation of electricity and gas are neutral to the productive efficiency of utility firms. Consequently, there is no evidence of the economic synergy of the joint operation of electricity and gas supply businesses. Second, purchased power ratio (PPR) has a positive and statistically significant parameter. Hence, productive efficiency decreases when firms buy more electricity from outside firms instead of generating it by themselves. This negative effect of PPR may be partly caused by an inefficient or non-competitive pricing of electricity in the wholesale power markets due to a possible exertion of market power. This ratio can be interpreted as a proxy for the degree of vertical disintegration of the organization. Therefore, the result implies that vertical separation is not good strategy for improving productive efficiency, at least under the current situation of wholesale power markets. This result is consistent with results of most previous studies that investigate economies of vertical integration for electric power utilities. Third, the parameter of wholesale power ratio (WSR) is positive such that the degree of efficiency decreases when the ratio increases. However, the parameter is not significant with the exception of Model 2.
Therefore, this ratio is also mostly neutral in its impact on productive efficiency.
Further, regarding cross-sectional impacts on productive efficiency through deregulation (DRST), all the results of Model 1, Model 3 and Model 4 indicate that firms in states under traditional regulation are more efficient compared to those exposed to deregulation. Since one of the motives for deregulation was to improve efficiency and reduce the costs of electric utilities, this result is disappointing. The difference in the efficiencies between the two groups of firms is also confirmed by a statistical test in terms of means of productive efficiencies for each group. The second and the third columns of Table 4 show means and other descriptive statistics for productive efficiency as well as the statistical tests for the null hypothesis that both groups belong to the same population with respect to productive efficiency. The productive efficiency is calculated based on Model 4, because the DIC (Spiegelhalter et al., 2002) model comparison criterion indicates support for Model 4 over the other models. The null hypothesis of equal means for those two groups of firms is rejected by Welch's t-test with a 1% significance level (t ratio: 7.34).
Insert Table 4 here.
Meanwhile, the temporal effects of deregulation (DRP) are not clear from the estimated parameters because they are not statistically significant (Model 2, Model 3 and Model 4). In addition, the cross-term of DRST with DRP --which captures temporal effects of efficiency only for the regulated group of firms--is not significant as well. Such an ambiguous result regarding the temporal impact of deregulation on productive efficiency can be also confirmed by an ex post statistical test as described in the fourth and the fifth columns of Table 4 . The null hypothesis that both groups of productive efficiencies, before and after 1996, belong to the same population, cannot be rejected (t ratio: 1.05). Figure 1 shows temporal developments of the mean, the maximum, and minimum productive efficiencies over the period from 1990 to 2004. Compared to changes in the highest and the lowest levels, it is confirmed that the level of the mean is relatively stable.
In order to further examine the above results, we conducted statistical tests of the temporal impacts of deregulation on productive efficiency with respect to each group of firms in the regulated and deregulated states. The null hypotheses of these tests are that productive efficiencies of firms before and after 1996 belong to the same population. The results of tests for these two groups are indicated in the sixth and the seventh columns (the regulated group), and the eighth and the ninth columns (the deregulated group) in Table 4 , respectively. Regarding the regulated group, the productive efficiency increases over time with statistical significance (t-ratio: -2.32), while the level of efficiency decreases over time for the deregulated group (t-ratio: 2.96). These findings are also surprising since deregulation was expected to lead to improvements in productive efficiency.
Figure 2 describes central tendencies of efficiencies for the full sample, regulated group of firms, and our deregulated group of firms. Consistent with the statistical tests in Table 4 , the average efficiency for the regulated group is higher than the overall average for all years except for 1994, while that for the deregulated group is lower than the overall average. Both of them (regulated and deregulated) decrease toward 1994 to become almost the same level, after which they turn to an increasing trend toward 1997. Then after 1997, the average efficiency for the regulated group slightly increases till 2004, while the average efficiency for the deregulated group deteriorates till 2004. These trends of average efficiencies for each group of firms offset each other, which explains the relatively flat average plot in Figure 1 .
The results of this study are not consistent with those of most previous studies that find evidence of efficiency improvement as a result of competition for other industries as well as for electricity plants.
Furthermore, our results are different from our ex ante hypotheses described in Section 1. This may suggest that the effects of competition may not be apparent for the electric power utilities in the short-term. While plant efficiency can be achieved in the relatively short-term, because it is purely technical matter, productive efficiency of a firm's total operation is not so straightforward. The productive efficiency of a firm entails many factors that influence operations, various costs, organizational choices, and the performance of wholesale power markets, etc. Indeed, as indicated in our estimation results, described in Table 3 , higher PPR is associated with lower productive efficiency, which implies that higher exposure to wholesale markets results in lower efficiency. This result is also seen in the data because the average PPR for the regulated group of firms is 38.4% over the period, while that for the deregulated group of firms is 53.9%. In other words, productive efficiency of electric power utilities more and more depends on the performance of power markets under vertical separation.
Conclusion
In this study, we empirically examine the productive efficiencies of large electric utilities in the United States over the period, 1990 to 2004 . This period constitutes a natural experiment to study the impact of competition on productive efficiency because it is marked by major deregulatory actions by the Federal Energy Regulatory Commissions, state-level easing of regulation, and even the softening of SEC oversight over M & A activity. While the deregulation was motivated by the improvements in -22 -productive efficiency and subsequent lower consumer prices that competition will engender, actual electric prices have in fact either fallen too little or have even risen in some states. This is contrary to the prior experience in other industries, such as telecommunications, airlines and trucking. It is, however, consistent with our findings. We find that the productive efficiency of firms in deregulated jurisdictions is in fact lower than that for electric utilities in jurisdictions with rate-of-return regulation.
Furthermore, the evidence is mixed regarding changes in productive efficiency before and after the introduction of competition. These results both lead us to questions about the relationship between competition and productive efficiency, and to whether true competition may in fact have been circumvented. Thus, the experience of the electricity industry after the deregulation is different from that of the other formerly regulated industries in the U.S. An interesting research question is what has led to such different outcomes in these industries. 
